Because of the very similar physiological properties and base sequences of the 16s rRNAs of Bacillus cereus, Bacillus mycoides, and Bacillus thuringiensis, some taxonomists question the validity of separating these organisms into distinct species. DNA relatedness studies based on spectrophotometrically measured renaturation rates were carried out to determine the taxonomic relationships of the three species. A study of 58 strains revealed that the levels of relatedness between B. cereus and B. mycoides and between B. cereus and B. thuringiensis ranged from 22 to 44% and from 59 to 69%, respectively. On the basis of the moderately high levels of DNA relatedness which we determined, B. cereus and B. thuringiensis appeared to be genetically related but taxonomically distinct entities. The B. mycoides group was genetically distantly related to the B. cereus group and represented a separate taxon. Furthermore, our data indicated that the B. mycoides group consists of two genetically distinct groups, each of which represents a distinct species. In addition to rhizoidal colonial morphology and lack of motility, the B. mycoides group could be distinguished from B. cereus by differences in fatty acid profiles and acetanilide-producing activities.
centrifugation at 5°C in the mid-to late-logarithmic growth phase when microscopic examination revealed an absence of sporulation.
DNA was extracted and purified by a modification of method of Marmur (8) . The modification involved using CsCl ultracentrifugation (7) to produce highly purified DNA samples. The purity and quality of each DNA preparation were such that the A260/A280 and A?6,@2,0 ratios were consistently 1.8 to 1.9 and 2.0 to 2.3, respectively. The quality of the DNA preparations was confirmed from melting curves that showed hyperchromicities ranging from 38 to 40% (8) .
The procedure used to estimate the extent of reassociation spectrophotometrically has been described previously (10) . The extent of reassociation was calculated by the equation of De Ley et al. (3) .
Fatty acid analysis. The whole-cell fatty acid contents of Bacillus strains were determined by using the MIDI system of Sasser (11) . Because the tenacious adherence of B. mycoides strains to agar surfaces interfered with collection of cells, the cultures used for fatty acid analysis were grown in Trypticase soy broth for 16 h at 28°C with agitation at 200 rpm. To ensure nonbiased comparisons, strains of B. cereus and B. thuringiensis were grown under identical conditions. Numerical analyses. Clustering of DNA relatedness values based on the unweighted pair group arithmetic average algorithm (15) was carried out by using the PC-SAS version 6.04 (SAS Institute, Inc., Cary, N. C.) SAWSTAT cluster procedure. A dendrogram was generated with SAS/GRAPH, using the SAS macro GRAFTREE written and kindly provided by Dan Jacobs, University of Maryland. The SAS analyses were performed with a DTK-486 computer.
Acetanilide production. All of the strains were grown for 18 to 24 h in a medium containing (per liter of deionized water) 20 g of glucose, 5 g of yeast extract, 5 g of tryptone, and 1 g of K,HPO,. For the assays, 5-ml cell suspensions were treated with 25 pl of aniline and shaken at 250 rpm and 28°C for 24 h. Thin-layer chromatography was performed on Silica Gel 60 F-254 by using a mobile phase consisting of benzene, ethanol, and acetic acid (80:20:0.4). Acetanilide and aniline appeared as fluorescent spots when the gels were observed under UV light. High-pressure liquid chromatography analyses were performed by using a Spectra-Physics model SP8700 pump and a model SP8440 UV-visible light detector operating at 245 nm. Components obtained from the assays were separated on a Waters pBondapak C18 column by using a 50% aqueous methanol mobile phase at a flow rate of 1 ml/min. Acetanilide was isolated from the reaction mixtures by extraction into ethyl acetate. After decolorization with activated carbon and drying with sodium sulfate, the ethyl acetate was removed under reduced pressure; the final product was a dull yellow oil.
RESULTS
Tables 2 through 4 show the levels of DNA relatedness of B. cereus, B. mycoides, and B. thuringiensis strains. According to our data, the levels of DNA relatedness between NRRL B-3711, the type strain of B. cereus, and several B. cereus, B. thuringiensis, and B. mycoides strains ranged from 74 to loo%, from 59 to 69%, and from 25 to 44%, respectively; the levels of DNA relatedness between B. thuringiensis reference strain NRRL HD-4 and several B. cereus, B. thuringiensis, and B. mycoides strains ranged from 59 to 67%, from 60 to 69%, and On: Sat, 29 Dec 2018 13:49:23 the maximum difference in values between determinations was 6%. Reference strain.
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22 to 36%, respectively; and the levels of DNA relatedness between B. mycoides type strain NRRL NRS-273 and selected strains of B. cereus, B. thuringiensis, and B. mycoides ranged from 24 to 34%, from 29 to 37%, and from 20 to loo%, respectively. The level of DNA relatedness between NRRL NRS-273 and NRRL B-14811, B. mycoides type strains obtained from two different sources, was 100%. The dendrogram in Fig. 1 shows the levels of DNA relatedness among all 32 strains previously identified as B. mycoides and the B. cereus type strain (i.e., each strain was compared with all other strains). According to this dendrogram, the strains of B. rnycoides which we examined segregated into two clusters that were related at a level of approximately 30%. Strain NRRL NRS-1216 was not closely related to B. cereus or B. rnycoides; thus, it was improperly identified. 2.9 f 1.0" 1.7 t 0.7 23.1 t 6.8 2.3 Ir 0.5 513 Ir 1.7 5.3 t 2.3 22.9 t 2.9 3.1 t 0.8 4.7 2 1.8 8.3 2 2.1 7.1 2 3.0 0.9 2 0.4 7.2 f 1.8 1.3 2 0.4 17.02 4.4 6.1 f 2.1 3.5 2 1.8 4.4 2 0.8 19.3 2 3.2 3.4 2 0.8 4.6 t 1.2 7.9 t 1.7 8.8 t 3.0 1.6 t 0.5 0.9 f 0.3 0.2 f 0.2 11.5 2 3.7 1.6 2 0.4 5.2 2 2.0 3.1 t 0.7 30.7 f 2.8 5.5 t 1.6 5.3 t 1.5 3.9 f 1.6 7.2 ? 1.7 1. Hence, the present classification in which B. rnycoides is recognized as an independent species is valid and should be retained. Furthermore, our data indicated that B. rnycoides is a conglomerate of two genetically distinct groups; one of these groups is clustered around the type strain, and the status of the other needs to be determined. Our findings contradict the DNA reassociation data in studies of Kaneko et al. (6) , Seki et al. (12) , and Sommerville and Jones (M), which suggested that B. mycoides and B. cereus may be closely related genetically. However, the reliability of those studies is questionable because only a few poorly documented strains of B. mycoides were used.
In this study we also identified phenotypic characteristics other than gross morphology (rhizoidal colonial growth) and lack of motility (4) that differentiate B. mycoides from B. cereus and B. thuringiensis. The rhizoidal characteristic appears to be reasonably stable; mostly rhizoidal colonies appear when organisms are plated for observation of individual colonies. According to Gordon et al. (4) , cultures maintained for up to 22 years in the laboratory have retained their unique character. However, nonrhizoidal colonial variants of B. mycoides have been observed (4). Frequent transfers with small inocula appear to result in selection of the nonrhizoidal variants and eventually produce nonrhizoidal cultures (4). B. cereus and the B. mycoides subgroups can be clearly distinguished by their distinctive fatty acid profiles. Finally, B. cereus and the closely related species B. thuringiensis appear to have the unique ability to acetylate aniline vigorously to form acetanilide. Acetanilide synthesis occurs rarely among B. mycoides strains. Preliminary data suggest that acetanilide production may be an additional characteristic that can be used to differentiate mesophilic aerobic spore formers.
